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ABSTRACT
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Title of Study: Cotton premium rate heterogeneities and implications under climate
change
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Candidate for Degree of Master of Science
Response to adverse weather conditions by cotton and other major crops are likely
to be heterogeneous across varieties, but it is unclear whether this translates into yield
risk heterogeneity across varieties. Crop insurance is the dominant agricultural policy
instrument and will play an important role as farmers adapt to climate change. However,
climate change impact on the performance of the crop insurance programs is not well
established and currently the Risk Management Agency (RMA) does not offer alternative
premium rates across varieties; nor has there been any public acknowledgement that it
plans to adjust rates in anticipation of climate change.
In this study, we identify whether there are heterogeneous premium rates across
varieties; we also measure the impact of warming on these premium rates. Our findings
show heterogeneities of premium rates across varieties and different warming scenarios,
as well as heterogeneities in expected yield and yield risk.
Key Words: Yield Distribution, Heterogeneities, Cotton Premium Rate, Climate Change

DEDICATION
I would like to dedicate this research to my late father, Samuel Siameh and to my
mother, Cecilia Tetteh, and my siblings, Edmund, Deborah, and Eric.

ii

ACKNOWLEDGEMENTS
This research would not have been possible without the guidance of some key
people. I am sincerely grateful to my major advisor, Dr. Jesse Tack, for his continuous
guidance, invaluable time, and great encouragement throughout my study without which
this work would not have been possible. I would also like to extend my sincere thanks to
my committee members, Dr. Barry Barnett and Dr. Ardian Harri, for their support and
contributions.
My sincere appreciation also goes out to Ben Sanderson, Dr. Xiaofei Li, Dr. Ted
Wallace, Dr. Larry Falconer, and Dr. Darrin Dodds for their support in my data collation.
Finally, special thanks go out to my friends, Sarah Acquah, Eric Ofori, Stasha, Rebecca,
Caleb, and many others.

iii

TABLE OF CONTENTS
DEDICATION .................................................................................................................... ii
ACKNOWLEDGEMENTS ............................................................................................... iii
LIST OF TABLES ............................................................................................................. vi
LIST OF FIGURES .......................................................................................................... vii
CHAPTER
I.

INTRODUCTION .................................................................................................1
1.1
1.2
1.3
1.4
1.5

II.

LITERATURE REVIEW ......................................................................................8
2.1
2.2
2.3

III.

Background of Study .................................................................................1
General Problem Statement .......................................................................3
Rationale of Study .....................................................................................5
Objectives of Study ...................................................................................6
Organization of Study................................................................................6

Overview of the U.S. Crop Insurance Program .........................................8
Climate Change Impact on Agriculture ...................................................10
Impacts of Climate Change on Crop Insurance .......................................12

EMPIRICAL MODEL ........................................................................................14
3.1

Variety-Specific Yield Distribution Estimation ......................................14
3.1.1 Moment-Based Model .......................................................................14
3.1.2 Prediction of Mean Yield and Variance of Yield ..............................15
3.1.3 Yield Distribution Estimation............................................................17
Estimation of YP Premium Rate .............................................................17
3.2
3.3
Simulation of Warming Effects on YP Premium Rate ............................18
3.4
Data..........................................................................................................19
IV.

RESULTS AND DISCUSSIONS .......................................................................21
4.1
4.2
4.3

Descriptive Statistics of the Data ............................................................21
Empirical Results of OLS Regression .....................................................22
Effect of Mean, Variance, and YP Premium Rate...................................23
iv

4.4
V.

Warming Effects on Mean, Variance, and YP Premium Rate ................35

CONCLUSIONS, IMPLICATIONS, AND LIMITATIONS .............................44

REFERENCES ................................................................................................................. 47

v

LIST OF TABLES
4.1

Characteristics of study sites in Mississippi: location and observations
included in sample ..........................................................................................24

4.2

Characteristics of study sites in Mississippi: means (SDs) of yield,
temperature, and precipitation ........................................................................25

4.3

Regression Results for Mean and Variance of Cotton Yields ........................25

4.4

Equality tests for regression parameters within models .................................26

vi

LIST OF FIGURES
1.1

Crop Insurance Indemnities in 2014.................................................................7

2.1

Loss ratios for the federal crop insurance program from 1990 to 2015 .........13

4.1

Annual box plots for variety/location level cotton yield data and
weather sample data across years ...................................................................27

4.2

Heterogeneity of distributional moments for the unconditional yield
distributions across varieties...........................................................................28

4.3

Heterogeneity of premium rates for the unconditional yield
distributions across varieties for each location ...............................................31

4.4

Heterogeneity of distributional moments for the unconditional yield
distributions within and across warming scenarios ........................................37

4.5

Heterogeneity of premium rates for the unconditional yield
distributions within and across warming scenarios ........................................40

vii

CHAPTER I
INTRODUCTION
This chapter highlights the background of the study, general problem statement,
rationale of the study, objectives, and organization of the study.
1.1

Background of Study
Agricultural production is closely linked to climate and large, unavoidable risks

associated with annual weather and price fluctuations. Therefore, there is potential for
widespread catastrophic losses stemming from the uncertainties associated with
agricultural production. Crop insurance is the primary risk management tool for farmers
in dealing with these risks. In 2014, the crop insurance program covered approximately
294 million acres and 109 billion U.S. dollars (USD) in liabilities. The program paid out
17.4 billion USD in indemnities to farmers who purchased a policy in 2012 (FCIC 2012,
2014).
Areas of production with more variable weather conditions see an increase in
indemnity payments relative to less variable areas. For instance, in 2011 slightly high
indemnities were paid in the Great Plains where drought reduced crop yields both in the
south and central areas, whereas excessive moisture affected plantings and production in
the north. The higher indemnity payment in 2012, compared to that of $10.9 billion in
2011 and $4.3 billion in 2010, was due to a major drought that affected a large portion of
the United States. Indemnities decreased to $12.1 billion in 2013 and $4.2 billion in 2014
1

with improved weather conditions (Shields 2015). Figure 1.1 shows the indemnities paid
out in 2014. This implies that climate change has the potential to affect the performance
of the crop insurance program.
Currently, the Risk Management Agency (RMA) reports 19 different insurance
policies covering more than 100 crops. Roughly 83% of the U.S. crop acreage is insured
under the Federal Crop Insurance Program (FCIP) with more than 70% of the total
enrolled acres cultivated for corn, cotton, soybeans, and wheat. The portion of total
cotton acreage covered in 2014 was 96%; soybean, 88%; corn, 87%; and wheat, 84%
(FCIC 2015).1 Crop insurance is therefore the most important component of the farm
safety net, given the large number of crops that are covered and the loss protection it
provides.
Cotton producers are vulnerable to significant risks during the production year.
Owing to the relatively large capital investments in specialized equipment, practices, and
inputs needed to produce cotton, these risks happen be more extensive than those faced
by producers of other major row crops. Crop insurance can then be an effective risk
management tool in the cotton industry (Falconer and Coble 2014, 2015). The cotton
insurance program is one of the oldest programs in the Federal Crop Insurance
Corporation (FCIC) portfolio. This program has high participation and was the fifth
largest program in 2008 after corn, soybean, wheat, and rangeland, all offered by RMA.

2014 Planted acres of cotton is 11,037,400; corn, (90,597,000); wheat, (56,822,000); and soybean
(83,701,000), from USDA-NASS: https://www.nass.usda.gov/Statistics_by_Subject/?sector=CROPS.
Insured planted acres of cotton is 10,643,980; corn, (79,008,155); wheat, (47,947,520); and soybean,
(73,846,785), from USDA-RMA: https://www3.rma.usda.gov/apps/sob/current_week/crop2014.pdf.
1
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Also, from a summary report by RMA, cotton producers who participate in the
federal crop insurance program pay significantly higher premiums compared to producers
of other major commodities.2 This insight drives the need to further study premium rates
of cotton and how these rates vary across different seed varieties and climate change.
1.2

General Problem Statement
Weather is a major factor influencing crop production. Year-to-year variation in

crop yields is largely driven by annual weather fluctuations, but one specific fluctuation
may not affect all varieties of a crop equally, as some varieties may be more drought/heat
tolerant than others. This implies that some varieties are potentially more “risky” to
produce than others, since there exist heterogeneities across these varieties in their
response to adverse weather conditions.
Most major crops have experienced an upward trend in expected yield potential
over time. Some of these gains are driven by advances in management practices, while
others reflect genetic gains due to breeding efforts. This may suggest an interesting tradeoff for producers, as they can choose between varieties with high average yields and low
resistance versus varieties that offer additional resistance at the expense of average
yields. Although this trade-off might exist, it is unclear whether it translates into yield
risk heterogeneity across varieties, which is the primary focus of this study.
Identifying yield risk heterogeneities is a crucial first step toward a better
understanding of adaptation potential under climate change. It is possible that more heat

Summary report by RMA titled “Crop Insurance for Cotton: Premium Rates and Related Matters.” U.S.
Department of Agriculture, Risk Management Agency”, is obtained from the website:
http://www.rma.usda.gov/data/reports/cotton/cotton_executive_summary.pdf
2
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tolerant varieties are not optimal under the current climate but would become so as
warming materializes. Much work has focused on yield risk heterogeneities in the
literature; however, very few studies have looked at how actuarially-fair crop insurance
premium rates might vary across (i) varieties grown under the same climate and (ii)
different climates for the same variety.
Crop insurance is the dominant agricultural policy instrument and thus could
potentially play an important role as producers begin to adapt to climate change. For
example, if a newly bred variety provides improved heat resistance relative to others, but
this difference is not reflected in the premium rate, then producers might be less likely to
adopt this new variety as the climate warms. From a program perspective, it is therefore
important to ask whether premium rates should reflect both alternative varieties and
climates.
Currently, RMA does not offer alternative premium rates across varieties, nor has
there been any public acknowledgement that it plans to adjust rates in anticipation of
climate change. This is likely because the warming impacts of climate change on the
performance of the U.S. FCIP has been an evolving research focus in the literature. Not
many studies have focused on estimating the effect of climate change on crop insurance
with the exception of a USDA RMA report (Beach et al 2010) and a study by Di Falco et
al (2014).
However, neither of these studies consider variety specific premium rates nor the
influence of climate change on these rates. It is therefore important to identify the
historical linkages between weather outcomes and actuarially fair crop insurance
premium rates, which leads to the secondary focus of this research.
4

1.3

Rationale of Study
Effective risk management strategies and actuarial soundness of the FCIP both

rely on accurately measuring yield risk. This measurement is difficult to quantify in
practice due to changes in technology (perhaps driven by genetic seed advancements) and
climate over time. Several related studies have focused on measuring the impact of
climate change on a wide range of outcomes including economic growth (Hsiang 2010;
Miguel and Satyanath 2011; Nordhaus 2006, 2007, 2010; Anttila-Hughes and Hsiang
2013; Dell 2012), energy (Auffhammer and Aroonruengsawat 2011), mortality and health
(Barreca 2012; Deschenes and Greenstone 2011), labor productivity and supply
(Niemelä et al 2002; Connolly 2008), conflict and political instability (Miguel,
Satyannath and Sergenti 2004; Hsiang, Burke and Miguel 2013; Burke et al 2009), crime
and hostility (Miguel 2005; Oster 2004), and the agricultural sector (Tack, Harri and
Coble 2012; Tack, Barkley, and Nalley 2014, 2015; Lobell, Schlenker and Costa-Roberts
2011; Schlenker and Lobell 2010; Schlenker and Roberts 2006, 2009; Mendelsohn,
Nordhaus and Shaw 1994; Schlenker, Hanneman and Fisher 2005, 2006, 2007; Urban et
al 2012; Fisher et al 2012; Deschenes and Greenstone 2007; Lobell and Asner 2003;
Welch et al 2010; Adams et al 2009; Van Mantgem et al 2009; Pongratz et al 2012).
This study contributes to the literature by linking cotton yield risk heterogeneities
to climate change. Tack et al (2012 and 2014) employed a moment-based maximum
entropy (MBME) approach in modelling the effects of climatic variables on the entire
distribution of crop yields. This study uses a similar approach as it allows the yield
distribution to vary across varieties and climate, so that one can measure variety-climate
specific premium rates.
5

1.4

Objectives of Study
The main objective of this study is to empirically identify cotton premium rate

heterogeneities and examine the premium rates implication under climate change.
Specifically, the study seeks to examine the following objectives:
1.

Identify whether there are heterogeneous crop insurance premium rates
across different seed varieties.

2.

Measure the impact of warming on these rates.

To achieve objectives (1) and (2), unconditional yield densities were estimated
from conditional yield distributions. The conditional yield distributions were estimated
using the moments (mean and variance) of yield, which were in turn used to identify the
conditional yield distribution. We then use these conditional distributions to estimate the
unconditional distribution in a flexible manner. Premium rates across varieties were then
calculated from these densities. Further, warming effects on these premium rates were
examined under different climate scenarios. The estimated premium rates are actuarially
fair premium rates under the assumed distributions. This diverges in practice from the
RMA’s method for estimating rates, which are calculated based on historical losses. This
study focuses on Yield Protection crop insurance policies and does not consider revenuebased products.
1.5

Organization of Study
The remainder of this paper is organized as follows. Chapter two reviews the

literature, chapter three presents the empirical model and discusses the data, chapter four
reports the empirical results, and chapter five concludes.

6

Figure 1.1

Crop Insurance Indemnities in 2014

Source: USDA-RMA, URL: http://www.rma.usda.gov/data/indemnity/
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CHAPTER II
LITERATURE REVIEW
This chapter provides a detailed background on the federal crop insurance
program and climate change. The review is organized into three major subsections. The
first section presents an overview of the U.S. crop insurance program. The second section
reviews previous studies on climate change impacts on agriculture, and the third section
reviews climate change impacts on the crop insurance program.
2.1

Overview of the U.S. Crop Insurance Program
The federally regulated crop insurance program has been in existence since the

creation of the Federal Crop Insurance Corporation (FCIC) in 1938. It is the most
prominent risk management tool for crop producers in the United States and a vital
component of agricultural policy (Babcock, Hart and Hayes 2004; Goodwin and Ker
1998). This is largely attributed to the passage of the federal crop insurance act of 1980,
which focused on participation expansion by offering subsidized insurance premiums to
farmers. However, the level of participation fell short of expectations. Annual ad hoc
disaster assistance programs were used to provide relief for farmers between 1988 and
1994, until the enactment of the 1994 “crop insurance reform act”. This act made
participation mandatory, and in 1996 the mandatory requirement was cancelled. Under
the 1994 act, catastrophic (CAT) coverage was created with fully subsidized premiums
and increased subsidies for farmers with higher coverage levels.
8

Furthermore, the 1980 Act rescued producers faced with production losses due to
natural disasters on ex post disaster assistance, which was previously supported by the
Federal Disaster Payment Program (Barnett 2000). Following this Act, private sector
insurance companies were also appointed to take on the sales and servicing of policies
(Coble and Barnett 2013). Yet, the federal government involvement was still enormous in
the form of government-set premium rate, administrative and operating expense
reimbursement to these private companies, and premium subsidy payments to motivate
policy purchases (Coble and Knight 2002). The FCIP is managed and administered by the
United States Department of Agriculture (USDA) Risk Management Agency (RMA)
which is governed by the FCIC.
Several crop insurance products have existed in the form of crop yield and
revenue insurance contracts to producers. Products also differ by the level at which
indemnities trigger, be it the farm or county. Yield protection (YP) provides coverage
against yield losses from a range of natural causes at the farm-level. Contrary to this are
the Area Yield Protection (AYP) and Area Revenue Protection (ARP) which provide
coverage on an area-level basis (Barnett et al 2005). AYP insures against average county
yield and ARP insures against average county revenue. All these insurance products are
Multi-peril crop insurance (MPCI). Farm-level MPCI products include:





Yield Protection (YP) coverage, which provides insurance for producers against
yield losses based on historical yields. This is analogous to Actual Production
History (APH), except that projected price is determined differently, and YP has
now replaced the APH plan on most crops.
Revenue Protection (RP) coverage, which insures producers against revenue
losses.
Revenue Protection- Harvest Price Exclusion (RP-HPE) policy, which is similar
to RP but provides protection against revenue losses without the harvest time
price valuation.
9

Loss ratio is the ratio of total indemnities (losses) to total premium (gains). Figure
2.1 shows the loss ratios for the federal crop insurance program which spans from 1990
to 2015. This figure illustrates the overall performance of the crop insurance program. A
loss ratio less than 1 indicates net gains on the part of the FCIP. From the figure
displayed, is obvious the trend line slides downwards from 1. This confirms that there has
been a remarkable advancement in the program’s gains over the past years.
This research will focus on yield risk heterogeneities as they relate to YP
contracts which guarantee a yield based on an individual producer’s actual production
history. Indemnity payments are triggered when yield per acre is less than the yield
guarantee. Unlike APH where projected price is determined by RMA, that of YP is
determined by the future market prices. Also, YP is only available on crops that are
eligible for RP. Contrary to area-yield insurance contracts, YP is bedeviled with issues of
higher transaction costs and asymmetric information in the form of adverse selection
(hidden information) and moral hazard (hidden action) which may reduce participation
rate (Barnett et al 2005). This implies that accurately predicting premium rates is an
important concern for the overall viability of the crop insurance program.3
2.2

Climate Change Impact on Agriculture
Global average temperatures are anticipated to increase along with greenhouse

gas (GHG) emissions during the 21st century and beyond (IPCC 2007, 2014). In response
to this, estimating the impacts of climate change on agriculture has become an important
topic among policy makers and in the academic literature. Deschenes and Greenstone

3

Overview of the FCIP reviewed for this thesis were taken from Risk Management Agency of the
USDA website, http://www.rma.usda.gov/
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(2007) proposed a new approach to estimate the effect of random year to year variation in
temperature and precipitation on U.S. agricultural profits and yields contingent on year to
year county and state fixed effects. Their approach differs from the hedonic approach of
estimating climate change impact, since it resolves the issue of omitted variable bias.
Deschenes and Greenstone (2007) was plagued by data inaccuracies and coding errors
that were addressed by Fisher et al (2012). For the purposes of econometric modelling,
the appropriate use of fixed effects and spatially robust standard errors was shown to be
important for accurately identifying weather effects and uncertainty around them.
Schlenker and Roberts (2009) provided additional insights regarding the accurate
measurement of weather variables within a regression framework. Together, these
represent the current frontier for econometrically linking weather outcomes to average
crop yields.
Tack, Harri and Coble (2012) extended this approach to the higher order moments
(e.g. variance) of yield distribution, following Antle (1983). In conjunction with average
(mean) yields, these moments can be used to estimate the overall crop yield distribution
using the concept of maximum entropy. As a whole, the approach of Tack, Harri and
Coble (2012) permits linking weather outcomes to the yield distribution. Tack, Barkley
and Nalley (2014) conducted a similar study using the same moment-based maximum
entropy model to estimate the effect of weather outcomes on variety-specific wheat yield
distribution. This study will follow a similar approach.
Conversely, Mendelsohn, Nordhaus and Shaw (1994) utilized the Ricardian
approach (hedonic approach) to estimate the impact of climate and other variables on
land values and farm revenues. Schlenker, Hanemann, and Fisher (2005, 2007) filled the
11

gap in Mendelsohn et al’s (1994) work by accounting for irrigation in the Ricardian
approach of estimating climate change impact on farmland values. Schlenker, Hanemann,
and Fisher (2006) conducted a similar study using data from the east of the 100th
meridian, known historically as an agricultural boundary that is not dependent on
irrigation. Therefore, irrigation effect was not accounted for in their Ricardian model.
This research focused on temperature and precipitation as climatic variables but
did not consider the effect of irrigation as used by most previous studies (Schlenker et al
2005; Tack, Harri and Coble 2012) since the study focused only on dryland data. This
study used a similar model as by Tack et al (2012, 2014) which was an extension of the
moment-based model proposed by Antle (1983, 2010). Also growing degree days were
used as a measure of temperature as by Schlenker and Roberts (2006, 2009).
2.3

Impacts of Climate Change on Crop Insurance
There is no published article on climate change implications for cotton premium

rates. Tack 2013 has conducted a similar analysis for corn but relies on county-level data
and thus cannot disentangle alternative effects across varieties. Nonetheless, previous
studies (Lobell and Asner 2003; Isik and Devadoss 2006; Schlenker and Roberts 2006,
2009; Kim and Pang 2009; Lobell et al 2011; Urban et al 2012; Pongratz et al 2012; Tack
et al 2012, 2014, 2015) have examined weather effects on crop yield distributions.
Therefore, as an expansion to these studies we will further evaluate the impact of climate
change on crop insurance premium rates across varieties using yield distributions.
Di Falco et al (2014), identified the relationship between crop insurance and
climate change and specifically on how crop insurance can be used as an adaptation
strategy to climate change. Their results showed that there is high demand for crop
12

insurance products under climate change. Also, findings revealed that insurance as an
adaptation strategy tends to reduce farmers’ exposure to risk.

2.5
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Figure 2.1

Loss ratios for the federal crop insurance program from 1990 to 2015

Data source: USDA-RMA, URL: https://www3.rma.usda.gov/apps/sob/current_week/
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CHAPTER III
EMPIRICAL MODEL
This chapter presents the conceptual framework and econometric model used for
the study. There are four subsections: variety-specific yield distribution estimation,
estimation of YP premium rates, and simulation of warming effects on YP premium
rates. The latter subsection discusses the data used for this study.
3.1
3.1.1

Variety-Specific Yield Distribution Estimation
Moment-Based Model
This study focuses on cotton yields and estimate the empirical model using

Mississippi Cotton Variety Trial data from 1998-2013. The yield data is matched to
weather outcomes at the location/year level. The moment-based regression model of
Antle (1983, 2010) was utilized to link weather outcomes to the first (mean) and second
(variance) moment of yield. The mean equation is given by:

ln yikt  i   k  1lowkt  2 medkt  3highkt  4 pkt  5 pkt2   ikt .

(3.1)

where lnyikt is log yield for seed variety i at location k in year t. The  i and  k are variety
and location fixed effects; the former allows the moments to differ across varieties, and
the latter controls for all unobserved time-invariant location factors such as soil quality.
Three variables were used to measure temperature exposure: lowkt captures exposure to
temperatures between 0°C and 14°C, med kt temperatures between 14°C and 32°C, and
14

highkt to temperatures above 32°C. These variables are measured as growing degree days
following the piecewise linear approach of Schlenkler and Roberts (2009). The variables

pkt and pkt2 capture the nonlinear effects of cumulative precipitation. The specification
for the variance of crop yields is given by:
2
lneikt
  i   k   1lowkt   2 medkt   3highkt   4 pkt   5 pkt2  ikt .

(3.2)

where lneikt2 is the log of the squared residual. Here, the residual is the difference between
the observed yield and the predicted mean yield from equation (3.1).  i and  k are
variety and location fixed effects. The same regressors are used in both equations, which
allows both the mean and variance to be functions of variety and weather.
3.1.2

Prediction of Mean Yield and Variance of Yield
With mean equation expressed as:

ln yikt  α  хktβ   ikt .

(3.3)

where хkt is a vector of weather variables while β captures nonlinear effects of
temperature and precipitation on cotton yield. The parameters of equation (3.1) are
estimated using ordinary least squares (OLS), and the exponential of the prediction with
the estimated parameters was taken. This is outlined as follows:

ln yˆikt  αˆ  хktβˆ  ˆikt ,

(3.4)

yˆikt  exp(αˆ  хktβˆ  ˆikt ) ,

(3.5)

yˆikt  exp(αˆ  хktβˆ )exp(ˆikt ) .

(3.6)

The expectation of equation (3.6) was then taken to obtain the predicted mean yield as:
15

E[ yˆikt ]  E[exp(αˆ  хktβˆ ) ] E[exp(ˆikt ) ] .

(3.7)

The error term ˆikt and parameters β̂ predicted from equation (3.1) were used in
estimating this predicted mean yield E[ yˆikt ] .
The same procedure was followed to get the predicted variance. The residual eikt is
obtained as the difference between the observed yield yikt and the predicted mean yield

E[ ŷikt ] . It is then squared and the natural log is taken as shown below:
eikt  yikt  E[ ˆyikt ],

(3.8)

2
lneikt
 δ  хkt γ  vikt .

(3.9)

where хkt is a vector of weather variables while γ capture nonlinear effects of
temperature and precipitation on cotton yield. The parameters of equation (3.2) are
estimated using OLS, and the exponential of the prediction with the estimated parameters
was taken. This is as follows:
2
lneˆikt
 δ  хkt γˆ  vˆikt ,

(3.10)

eˆikt2  exp(δˆ  хkt γˆ  vˆikt ) ,

(3.11)

eˆikt2  exp(δˆ  хkt γˆ )exp(vˆikt ) .

(3.12)

Also, the expectation of equation (3.12) is taken to obtain the predicted variance of yield
as:

E[eˆikt2 ]  E[exp(δˆ  хkt γˆ )]E[exp(vˆikt ) ] .

(3.13)

Using xkt to denote the weather variables, the variety-specific conditional mean
and variance are defined by ikt  E ( yi xkt ) and  ikt2  E (ei2 xkt ) . The predicted mean yield
16

and variance estimated above are the predicted conditional mean and variance for each
variety-location-year ikt, which are denoted ˆikt  E ( yˆi xkt ) and ˆ ikt2  E (eˆi2 xkt ) .
3.1.3

Yield Distribution Estimation

The predicted conditional mean and variance are used to construct conditional yield
distributions under an assumption of lognormal distribution, i.e. yi xkt ,

LN (ˆikt , ˆ ikt2 ) . A

simulation approach is then conducted using the lognormally distributed conditional yield
distributions to recover the unconditional yield distributions for each variety. For each
variety-location combination, there are d  1,....., D weather-conditioned densities. We
draw from each of these 10,000 times and pool together the D *10,000 draws to obtain
the empirical unconditional yield distribution denoted by fik ( y). The unconditional yield
distribution for each variety/location is a mixture of the conditional lognormals:
fik ( y ) 

1 T
f ( y ˆikt , ˆ ikt2 ).

T t 1

(3.14)

It is important to note that these unconditional yield distributions are a mixture of
lognormal distributions, and can thus exhibit a wide range of functional forms.
3.2

Estimation of YP Premium Rate
The simulated yield densities, fik ( y) are used to calculate the mean, standard

deviation, skewness, kurtosis, coefficient of variation, and actuarially fair premium rates
in a straightforward manner. Each density is defined by the D *10,000 simulation draws
and denote these draws by d  1,..., D and the associated yield by yd . The average yield is
then calculated as:
17

yd 

1 D
 yd .
D d 1

(3.15)

In computing the YP premium rate, the yield guarantee which is the coverage level (cov)
multiplied by the mean yield is first calculated:
gcov  cov* yd .

(3.16)

Assuming a projected price of $1, this guarantee represents the total insured liability for
the insurance company. The insured liability is the dollar amount paid by the insurer
when there is zero yield. Indemnities are only paid when yields are below the guarantee,
so the expected indemnity is calculated as the average indemnity across all of the
simulation draws:
E( indemnitycov ) 

1 D
 max( gcov  yd ,0 ) .
D d 1

(3.17)

The associated premium rate for YP policies is then the ratio of the expected indemnity to
the guarantee (total insured liability):
ratecov 

E( indemnitycov )
.
gcov

(3.18)

The rate calculation is conducted for each variety, and this allows us to estimate rate
heterogeneities across varieties under the current climate.
3.3

Simulation of Warming Effects on YP Premium Rate
The approach above was modified to trace out the effect of warming temperature

on the unconditional yield distributions. In such a scenario, any uniform change c in
temperature will change the daily minimum and maximum temperature to tmin  c and

tmax  c . From these, the lowkt , med kt , and highkt temperatures used in the previous
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2
models are recalculated to obtain new predictions for the parameters ˆ iktc and ˆ iktc
for

each temperature change c . Simulation draws are then obtained from these distributions
and pooled together as described above to generate climate-shifted unconditional yield
distributions fikc ( y) .
Similarly, the climate-shifted simulated yield densities were used to calculate the
mean, standard deviation, skewness, kurtosis, coefficient of variation, and premium rates.
The premium rate calculation was carried out for each variety and each warming
scenario. This allows us to estimate premium rate heterogeneities across varieties under
different warming climates. We simulated the effect of warming temperature on these
premium rates under six different warming scenarios from +0°C (baseline climate) to
+5°C in 1°C increments.
3.4

Data
This study utilizes Mississippi field trial data which may be considered as a

natural experiment setting for identifying weather effects. The study focuses on
Mississippi cotton variety trial data specifically for the period 1998 to 2013. Cotton was
ranked in 2014 as the fourth major commodity in Mississippi after poultry, forestry, and
soybean with $403 million dollars of revenue generated.4
The field trial yield data was provided by the Mississippi Agricultural and
Forestry Experiment Station (MAFES). These trials are mainly held at the Delta Research
and Extension Center in Stoneville and a few other locations within the state. The

4

Information on cotton was obtained from Mississippi State University Extension Service,
http://extension.msstate.edu/agriculture/crops/cotton
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observations for the cotton yield data are for dryland (non-irrigated, rain-fed). Yields are
measured in pounds per acre, and the study utilized 1,249 observations across 105
varieties and 3 locations (Clarksdale, Rolling Fork and Verona). Each
variety/location/year combination of the yield data has different growing seasons which
are either from or falls within April to November. The 105 varieties were selected based
on the most popular varieties grown in Mississippi according to a USDA report which
summarizes all cotton varieties grown yearly in the U.S.5
The weather data is obtained from the PRISM climate group and is based on a
rectangular grid cell with a standard prism of 4km that covers each of our three
locations.6 Daily minimum and maximum temperature as well as total precipitation were
collected. The study observed both the planting and harvest dates for each location/year
combination. Temperature exposure between daily minimums and maximums were
interpolated and used to construct growing day variables that accumulate exposure over
the entire growing season. We used similar piecewise linear knots as Schlenker and
Roberts’ (2009), 14C and 32°C. Precipitation is measured as a cumulative rainfall in
centimeters.

5

USDA report, ftp://ftp.ams.usda.gov/cotton/AnnualCNMarketNewsReports/VarietiesPlanted/2014VarietiesPlanted.pdf, to get the report for other years, replace 2014 with the year of interest.
6
Weather data information is taken from prism website; http://www.prism.oregonstate.edu/explorer/
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CHAPTER IV
RESULTS AND DISCUSSIONS
This chapter presents and discusses the empirical results of our study. There are
four subsections: the first subsection presents the descriptive statistics of the data; the
second reports the empirical results of the OLS regressions; the third discusses the effect
of mean, variance, and YP premium rates under the baseline climate, and finally the
fourth subsection examines the results of the effect of warming on mean, variance, and
YP premium rates.
4.1

Descriptive Statistics of the Data
Descriptive statistics for the data are reported in Tables 4.1, 4.2, and Figure 4.1.

Years span from 1998 to 2013 with some missing values for some locations in some
years. Verona (466) has the highest number of observations followed by Clarksdale (405)
and Rolling Fork (378). Clarksdale is in Coahoma County, Verona is in Lee County, and
Rolling Fork is in Sharkey County. The respective latitude and longitude for the locations
are: Clarksdale 34.20N/90.57W, Verona 34.19N/88.72W, and Rolling Fork
32.91N/90.88W. Though years span from 1998 to 2013, the total number of years for
this study is 15 years since there is no data for year 2000. This is the same for Clarksdale
and Verona with the exception of Rolling Fork which is 13 years due to some missing
values in years 2008 and 2013. All locations have the same number of varieties as the
total of 105 (Table 4.1). The minimum and maximum number of observations per variety
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are 6 and 36; whereas the average number of observations per variety is approximately
12.
The average yield across varieties matched with corresponding average
precipitation and average daily minimum and maximum temperatures are presented in
Table 4.2. Clarksdale has the highest average yield followed by Verona and Rolling Fork
with slight difference between the average yields of Verona and Rolling Fork. Unlike the
cumulative precipitation, there is not much variation in the average daily minimum and
maximum temperature of the three locations (Table 4.2). Cotton yields across varieties
and weather variables observed for each location-year combination show there is
considerable variation in the data (Figure 4.1).
4.2

Empirical Results of OLS Regression
The parameter estimates for the mean and variance models estimated using OLS

are reported in Table 4.3. It is likely that error terms (  ikt and ikt ) are heteroskedastic and
autocorrelated. We therefore clustered standard errors by year to control for spatial
correlation across locations within each year and for cross-sectional heteroscedasticity in
our data sample.
The nonlinear effect of precipitation was found to be statistically significant for
both the mean yield and variance equations. The r-squared values showed that a large
portion of the variation in yields is explained by the regressors. The mean model rsquared suggests a reasonable level of fit while the lower value r-squared for the variance
equation suggests that there are likely other drivers of yield variation that are not
considered here.
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Equality tests for the regressors are presented in Table 4.4. The test for joint
precipitation variables was statistically significant. Location (mean) and variety fixed
effects were also statistically significant, and this shows important variation across trial
locations and seed varieties. The joint test for temperature variables suggests that there is
not a statistically significant relationship between temperature exposure and cotton yield.
One likely reason for this finding is that we do not observe adequate temperature
variation across space and time to measure such an effect. Overall, we find strong
evidence of mean and variance heterogeneity across varieties as nested tests suggested
rejection of the common intercept model (fixed effects) at standard significant levels.
4.3

Effect of Mean, Variance, and YP Premium Rate
As discussed above the parameter estimates are used to construct location-variety

specific yield distributions. Figures 4.2 display kernel density plots for location-specific
mean, skewness, and coefficient of variation (CV) of cotton yields across varieties. The
study focuses on CV (ratio of the standard deviation to the mean) instead of variance as it
is a normalized measure of dispersion that easily allows comparisons across the different
yield distributions.
Skewness is a measure of symmetry considered in our results since it explains the
extent to which yield distributions differ from a normal distribution. It also measures how
the distributional curve changes across varieties. Overall, the density plots suggest there
is considerable heterogeneity of the distributional moments (unconditional yield
densities) across varieties. The density plots displayed in figures 4.2 are for Clarksdale,
Rolling Fork, and Verona.
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Next, we used these distributions (simulated densities) to calculate the actuarially
fair premium rates for coverage levels from 70% to 85% in increments of 5%. The
premium rates calculated are variety specific, and these are displayed in kernel density
plots. Figures 4.3 report 70%, 75%, 80%, and 85% cov premium rates. These results
provide further evidence of heterogeneity across varieties for all the three locations. On
the whole, there is substantial heterogeneity of the premium rates across varieties in all
locations.
This study focuses on yield protection (YP) contracts for cotton. While these
contracts are less popular than their revenue contracts counterparts, any finding of
premium rate heterogeneity for yield contracts will naturally extend to revenue contracts
since the price-risk component of revenue contracts is independent of the variety
produced.

Table 4.1

Characteristics of study sites in Mississippi: location and observations
included in sample

Site
Clarksdale,
Coahoma County
Verona, Lee
County
Rolling Fork,
Sharkey County
Total

Abbrev
.
Latitude/longitude

# of
Years

Min/Max
Years

# of
Varieties

Obs.

CLC

34.20N/90.57W

15

1998/2013

105

405

VNL

34.19N/88.72W

15

1998/2013

105

466

RFS
--

32.91N/90.88W
--

13
15

1998/2012
1998/2013

105
105

378
1249
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Table 4.2
Site
CLC
VNL
RFS

Characteristics of study sites in Mississippi: means (SDs) of yield,
temperature, and precipitation
Yield (lb/acre)
1518.1
(341.0)
1262.6
(289.0)
1228.5
(293.6)

Tmin (C)
19.1
(1.0)
19.0
(0.7)
19.6
(0.8)

Tmax (C)
30.6
(1.3)
31.3
(1.3)
32.0
(1.1)

Cumulative Precipitation (cm)
48.7
(21.6)
52.0
(19.4)
55.2
(23.5)

Notes: Values of yield were calculated across all years from 1998 to 2013 (except year
2000) and values of temperature and precipitation were calculated using cotton growing
season (April-November).

Table 4.3

Regression Results for Mean and Variance of Cotton Yields

Variables
Low Temperature

(1) Mean
(2) Variance
-0.00036
0.00024
(0.00034)
(0.0017)
Medium Temperature
0.00067*
0.00064
(0.00036)
(0.0021)
High Temperature
-0.0024
-0.0093
(0.002)
(0.0083)
Precipitation
0.0288***
0.0833**
(0.0053)
(0.0279)
Precipitation Squared
-0.0002***
-0.0006**
(0.00003)
(0.0002)
R-squared
0.5706
0.2120
Observations
1249
1249
Locations
3
3
Varieties
105
105
Years
15
15
Notes: All models include fixed effects for trial site location and seed variety. Standard
errors clustered by year are reported in parenthesis. *, **, and *** denote statistical
significance at the 10, 5 and 1 percent significance levels.
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Table 4.4

Equality tests for regression parameters within models
P values
Mean
Variance

Null Hypothesis
Equality of temperature variables
lowdday = medday = hghdday = 0
0.2922
0.5283
Equality of precipitation variables
prec = prec2 = 0
0.0000
0.0306
Equality of Fixed Effects
All location effects equal
0.0007
0.2795
All variety effects equal
0.0076
0.0005
Notes: Hypothesis were tested using F-tests with standard errors clustered by year.
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Yield and Weather Variables
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Figure 4.1

Annual box plots for variety/location level cotton yield data and weather
sample data across years

These boxplots summarize the data of the yield and weather variables used in our
regression models. The height of each box shows the cross sectional variation across
varieties, and there is temporal variation across each of these box plots. Each box is
defined by the upper and lower quartile, with the median depicted as a horizontal line
within the box. The endpoints for the whiskers are the upper and lower adjacent values,
which are defined as the relevant quartile +/- three-halves of the interquartile range, and
circles represent data points outside of the adjacent values.
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Heterogeneity of distributional moments for the unconditional yield
distributions across varieties

The location-specific mean yields, coefficient of variation, and skewness estimates are
summarized across varieties by a kernel density plot. This is specifically for Clarksdale
location.
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Figure 4.2 (continued)
The location-specific mean yields, coefficient of variation, and skewness estimates are
summarized across varieties by a kernel density plot. This is specifically for Rolling Fork
location.
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Figure 4.2 (continued)
The location-specific mean yields, coefficient of variation, and skewness estimates are
summarized across varieties by a kernel density plot. This is specifically for Verona
location.
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Heterogeneity of premium rates for the unconditional yield distributions
across varieties for each location

Separate yield densities for each variety-location-year combination in the data were
estimated. The kernel density plots summarized the variety-specific premium rates
estimates for each location with a coverage level of 70%.
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Figure 4.3 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The kernel density plots summarized the variety-specific premium rates
estimates for each location with a coverage level of 75%.
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Figure 4.3 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The kernel density plots summarized the variety-specific premium rates
estimates for each location with a coverage level of 80%.
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Figure 4.3 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The kernel density plots summarized the variety-specific premium rates
estimates for each location with a coverage level of 85%.
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4.4

Warming Effects on Mean, Variance, and YP Premium Rate
We simulate the effect of warming temperature on premium rates to evaluate

whether some varieties might provide more risk protection than others. These results
should be interpreted with caution as they are driven by an estimated relationship that
was not found to be statistically significant. This was done in relation to the baseline
climate. As described above, warming effects are modeled as a uniform change in the
baseline daily minimum and maximum temperatures. Six different warming scenarios for
each of the three locations were considered from +0°C (baseline climate) to +5°C by 1°C
increments.
Figures 4.4 provide box plots for the location-specific mean, skewness, and
coefficient of variation of cotton yields across varieties and alternative warming
scenarios. Under warming scenarios of 1°C and 2°C, mean yields (Clarksdale and
Verona) increase; however under 3°C and above there is a decrease. Rolling Fork is
slightly different, since mean yields decrease under 2°C scenario and above. The results
imply that warming is associated with a reduction in mean yields only at higher
temperatures. The box plots for skewness and CV indicate that there is variation across
varieties, but variation across different warming scenarios decreases. Overall, there is
heterogeneity of the distributional moments for the unconditional yield distribution both
within and across different warming scenarios.
We utilized the simulated yield densities used in estimating the moments above to
quantify the effect of warming temperature on per-acre actuarially fair premium rates for
YP contracts. As discussed above, premium rates were estimated for four different
coverage levels from 70% to 85% in increments of 5%, and this was done for each
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variety-climate combination. Rates estimated under the different warming scenarios are
reported as box plots in figures 4.5 for 70%, 75%, 80%, and 85% cov. These box plots
summarized the variety-climate specific premium rates for each location.
Again, these results show evidence of heterogeneity both within and across
different warming scenarios for each variety. The reduction in mean yields under 2°C
scenario and above does not increase the premium rates, with the exception of the rates in
Clarksdale location. Finally, our results show that yield risk and premium rates are
decreasing under different warming temperature scenarios, and this suggests that crop
insurance premium subsidies will also decrease. These results may be different for other
row crops. Again, we stress that these warming results are unreliable at this time, more
data is needed to confirm these findings.
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Figure 4.4

Heterogeneity of distributional moments for the unconditional yield
distributions within and across warming scenarios

The location-specific mean yields, coefficient of variation (CV), and skewness estimates
are summarized across varieties and different warming scenarios by a box plot. This is
specifically for Clarksdale location. The height of each box shows cross-sectional
variation across varieties. Skewness and CV plots show decreasing heterogeneity across
different warming scenarios.
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Figure 4.4 (continued)
The location-specific mean yields, coefficient of variation, and skewness estimates are
summarized across varieties and different warming scenarios by a box plot. This is
specifically for Rolling Fork location. The height of each box shows cross-sectional
variation across varieties. Skewness and CV plots show decreasing heterogeneity across
different warming scenarios.
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Figure 4.4 (continued)
The location-specific mean yields, coefficient of variation, and skewness estimates are
summarized across varieties and different warming scenarios by a box plot. This is
specifically for Verona location. The height of each box shows cross-sectional variation
across varieties. Skewness and CV plots show decreasing heterogeneity across different
warming scenarios.
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Figure 4.5

Heterogeneity of premium rates for the unconditional yield distributions
within and across warming scenarios

Separate yield densities for each variety-location-year combination in the data were
estimated. The box plots summarized the variety-climate-specific premium rates
estimates for each location with a coverage level of 70%.
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Figure 4.5 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The box plots summarized the variety-climate-specific premium rates
estimates for each location with a coverage level of 75%.
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Figure 4.5 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The box plots summarized the variety-climate-specific premium rates
estimates for each location with a coverage level of 80%.
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Figure 4.5 (continued)
Separate yield densities for each variety-location-year combination in the data were
estimated. The box plots summarized the variety-climate-specific premium rates
estimates for each location with a coverage level of 85%.
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CHAPTER V
CONCLUSIONS, IMPLICATIONS, AND LIMITATIONS
The primary aim of this study is to examine whether actuarially fair crop
insurance premium rates vary across different seed varieties and the likely effect of
warming temperature on these rates. Our results identified heterogeneities for both the
mean and variance of cotton yields across varieties. These differences extended to the
coefficient of variation – a commonly used measure of yield risk – as well as actuarially
fair premium rates, which capture a producer’s exposure to downside risk. Thus, we
provide evidence of yield risk heterogeneity across varieties.
The finding of heterogeneous premium rates across varieties presents an interesting
problem for the FCIP. By not conditioning on rates across varieties, as is currently the
case, the program potentially suffers from a lack of actuarial soundness which in turn can
lead to adverse selection. However, these issues might be small relative to the
administrative burden required to condition rates on varieties. New varieties are always
being introduced into the market and it is not clear how long field trials must be
conducted in order to get a credible estimate of yield risk for any one variety. In addition,
if the rate differentials happen to be incorrect, they can create perverse incentives for
adoption among producers.

44

The results on the likely effects of warming temperature also provide further
evidence of heterogeneities both for the mean and variance of cotton yields across
varieties and across different warming scenarios. As explained above, these variations
extend to the coefficient of variation. Also, this result provides evidence of yield risk
heterogeneity across varieties, but heterogeneity across alternative warming scenarios
decreases. Premium rates are positively related to yield risk; therefore, any finding of
yield risk heterogeneities confirms variation in premium rates. This shows the finding of
continual evidence of premium rates variation both within and across different climate
scenarios.
The FCIP may consider the results on the warming effects; however, it should be
interpreted carefully. Due to data concerns, we were not able to identify a statistically
significant relationship between temperature exposure and cotton yield. More research is
required to confirm the findings reported here, which should be interpreted with caution
at the present time. Also, other adaptation strategies such as shifting cultivation, changes
in production practices and timing of operations, cultivars, and crop diversification are
likely to conflict with our results. The question is; “what happens if farmers adopt these
adaptation strategies and do not enroll in the crop insurance program under climate
change?” This is evident in Di Falco et al’s (2014) work, which show that farmers
involved in cultivating diverse crops are less likely to adopt crop insurance under climate
change.
With all these considerations in mind, our results are still of relevance, since we
provide estimates of warming effects on expected yield and yield risk which will be very
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crucial for adaptation strategies related to production. Therefore, whether or not farmers
enroll in the crop insurance program, our results will still be useful.
This research is characterized by some limitations which may be useful for future
extension of this work. First, the study was limited by a smaller sample size; therefore,
future research should consider using a larger sample size for better and accurate results.
This is especially important for estimating the relationship between temperature exposure
and cotton yield as it requires substantial in-sample variation to accurately measure the
effect. Second, the research focused on Mississippi only and few locations of close
proximity within the state, and this results in less variation in the temperature values.
Further extensions should look at locations across different states to ensure much
variation in the temperature values. In addition, this study focuses on cotton and farmlevel insurance contract, so subsequent studies should consider other row crops and
county-level contracts. Finally, future extension of this work should consider using both
irrigated and non-irrigated data.
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